UCE - NASA/GSFC- Caltech - U of MD - LANL - JPL - UCLA - SAIC - NOAA/SEC
Uof Ml - JHUWAPL - MPAe - U of Kiel - CESRICNRS - ESA/ESTEC -
DESPA/CESPM - KFKI'RMKI




IMPACT (In-situ Measurements of Particles and CME Transients)

Instrument Overview

Boom Suite:
— Solar Wind Electron Analyzer (SWEA)
— Suprathermal Electron Telescope (STE)
— Magnetometer (MAG)

Solar Energetic Particles Package (SEP)

Suprathermal lon Telescope (SIT)

Solar Electron and Proton Telescope (SEPT)
Low Energy telescope (LET)

High Energy Telescope (HET)




IMPACT Team Member Institutions and Primary Roles

+ University of California, Berkeley-Space Sciences Laboratory (IMPACT
Management,SWEA,STE,IDPU)

« NASA Goddard Space Flight Center (MAG,SEP-LET,HET)

+ California Institute of Technology (SEP-LET,HET)

* University of Maryland (SEP-SIT)

« University of Kiel (SEP-SEPT)

« Centre d’Etude Spatiale des Rayonnements CESR (SWEA)

« Los Alamos National Laboratory (Science Integration, SEP-SIT)

« Max Planck Institut fur Aeronomie (SEP-SIT)

+ Jet Propulsion Laboratory (SEP-LET,HET)

« ESTEC-European Space Agency (SEP-SEPT)

« DESPA Observatoire de Paris-Meudon (SWAVESI/IIMPACT coordination)

« University of California, Los Angeles (MAG, IMPACT Data Web)

« SAIC-Science Applications International Corporation (IMPACT Modeling)

« NOAA Space Environment Center (IMPACT Modeling, Space Weather Applications)
* University of Michigan (IMPACT Modeling)

* KFKI-Hungarian Research Institute for Particle and Nuclear Physics (SEP Modeling)




,'mpact Boom Smf{-‘; (E-::Iar Wind Electrons and Magnetlr. Field)

l magnet;::meter
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SWEA |
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(UC Berkeley)

STE- D

(UC Berkeley)



" Impact SEP Package

(Solar Energetic Particles)

LET

(Low Energy Telescope)
Caltech/JPL

HET
{High Energy Telescope)

GSFC/Caltech

SIT

{Supra-Thermal lon Telescope )
U of MD/MPAE

(Solar Electron Proton Telescope)
U of Kiel/ESTEC




Impact Instruments Location (Ahead and Behind Spacecraft)

Behind Spacecraft

—— STE-U

Ahead Spacecraft

SEPT-NS
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IMPACT Measurement Summary

IMPACT Science Summary
Experiment Instrument Measurement Energy or Mag. TimeRes, Beacon Time | Imstrument provider
fleld range Res. (*)
SW STE Electron thax and 2-100 keV 16s 2D x 3E, 60s | UCB (Lin)
anistropy
SWEA 3D electron distnb., ~0-3 keV 3D=1 nun Moments, | CESR (Sauvaund)
core & halo density, 2D=8s 60s + UCB (Lin)
temp. & amsotropy Mom.=2s
MAG MAG Vector field +500nT, 1/4 s 60s GSFC (Acuna)
+65536 nT
SEP SIT He to Fe 10ons 0.03-2 MeV/nuc 30s 3Sx 2E, 60s | U. of Md. (Mason)
*He 0.15-0.25 30s ——— + MPAE (Korth)
MeV/nuc + GSFC (von Rosenvinge)
SEPT Diff. electron flux 20400 keV 1 min 3E, 60s . of Kiel (Mueller-
Diff. proton flux 20-7000 keV 1 min 3E, 60s Mellin})
Anistropies of e,p As above 15 mun JE— + ESTEC (Sanderson)
LET Ion mass 2-28 & 1.5-40 MeV/muc | 1-15 min. | 28 x 2E, 60s | Caltech (Mewaldt)
anisotropy + GSFC (von Rosenvinge)
“He 10ns flux & 1.5-1.6 MeV/nuc 15 mun. 1E, 60s + JPL {Wiedenbeck)
anistropy
H 1ons flux & 1.5-3.5 MeV 1-15 min 1E, 60s
anistropy
HET Electrons flux 1-8 MeV 1-15 mun. 1E, 60s GSFC (von Rosenvinge)
H 13-100 MeV 1-15 rmun. 1E, 60s + Caltech (Mewaldt)
He 13-100 MeV 1-15 rmun. 1E, 60s + JPL (Wiedenbeck)
*He 15-60 MeV/muc 15 min -
SEP -——- - -—-- - Caltech (Mewaldt)
Common + GSFC (von Rosenvinge)
IMPACT IDPU - - -—-- - UCEB (Curtis)
Common {+Mag
Analog)

(*) E=Energies, S=5pecies, D=direchons




IMPACT SWEA and STE electron measurements,with

MAG, probe solar connection magnetic topology
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Wind 67 Jan 11 Flux Rope Fit: Clock=252 Cone=84" imp=0 25R

T T 1

...and provide comparisons for
modehnﬁhe ICME fields with
magnetlc fllix ropes O}” other models

s

Wind Jan 10 1997 Flux Rope Model Fit

normalized units

(flux rope fits by Tamitha Mulligan, from the paper by Yan Li et al., JGR 2001)



Coronal field models help relate the CME to the ICME magnetic signature
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IMPACT SWEA and STE electron measurements combine with SWAVES radio burst
data to diagnose ICME magnetic topology using flares
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figure from a study by Larson et al



IMPACT SEP Measurements Cover
SEP Energy Range, Composition, and Directionality

Contributions to the Oxygen Fluence
(10/97 to 6/00)
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IMPACT SEP instruments will take ‘““snapshots” of SEP

spatial distributions
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IMPACT SEP measurements...

Will identify connections to flares ... or ICME shocks
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IMPACT Investigation Approaches:

*Multipoint in¢ ~fplanégzg‘¢@1aracterﬁtion
of the imaged CMEs and'their associated

A AR |
gers on

-Quadratufe measurements with Ima
STEREO and at Earth -

*Space Weather detection, modeling and
prediction




Stereo in-situ Science:

Earth's orbit

flare
particles

Establishing Heliospheric Consequences of
Imaged Solar Activity

STEREO A

Earth
(L1 Monitor)

™ )

f‘ STEREO B

ICME flux rope

eruption
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At the beginning of the STEREO mission, IMPACT should observe
major ICMEs at each spacecraft approximately once per month.

How often will both spacecraft detect the same one?
-~
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CME Rate

Solar Cycle
Influence on_SEP

i

i

s 1910 1974 1900 1986 1680 1684

¥ £ o (CME c!cle plot courtesy of Chris St. Cyr)

MWO Sunspot Groups (Jarmuary 1215 — January 2002)
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(figure from:
Mt. Wilson Observatory website)

Solar Proton Periods >10 MeV

(There are on average 1.6 Large SPE
events within each of these periods)

Measured 1956-2000

Projected
2007-2011

Number of Solar Particle Periods/Year
(Average of ~1.6 Events per Period)

(figure from:
1970 1980 1990 Dick Mewaldt)
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PREDICTED Dst

IMPACT Space Weather:

Dst Index Prediction

|
o
=]

=100

Prad Dat [nT}

-150

I
o
=]

-100

-150

Prad Det* [nT)

- o ra
= =l =]

wBs (miv/m)

0

i
2

|

<

ra

PRESS (1077 dyne/em?)
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following any comparably long gaps in th

The analogus being used here was "trains
storm in the spring of 1979 (ISEE-3 sol:
Eamide). We look forward to training anc
performance to the one in use here,

We use ACE spacecraft
solar wind data for input
to a nenlinear
magnetospheric dynamics
analogue to predict the
evolution of the Dst index

Space Weather Specification and Forecast
Time that was submitted: Jun 08 2000 20:53 UT
Current position of ACE (in Earth’s radii}): X=233.6, ¥=39.1,Z=0.0
Submitted time 20:53 UT not found, using latest time available from ACE: 20:43 UT
Fropagation time (delay): 01 hour(s) and 12 minute(s)

IZMEM/DMSP Electric Potentials
and Global Ionospheric Convection
Noriheen Summer and Sowlvern Winter
NOWCAST FORECAST
2000-06-0820:43UT 2000-06-08 2155 UT
IMF (nT) Bx=-18.00 By=-4.30Bz=010 IMF (nT) Bx= 0.00 By=0.00B=z=0.00

Max =18.04EV MMin =-10.85kV
Contour interval = 1L.530kV

Max=1212kVMin=-1794EV
Contour interval = 3.00kV

Iax = 15.43kV Min = -16.90kV
Contour interval = 3.00kV

Max=2351kV Min=-1797kV
Contour interval = 1.50kV

Legend: Red contours — positive, blue contours — negative potentials plotted at the altitude 120 krmn; b
Northern and Southern polar regions are viewed from space; dummy values (0.0) are shown if SW
unavailable and then propagation time isestimated for Vsw = 400 km/s; if IMF data unavailable, ne
are plotted
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(examples from ACE Real Time Space Weather-data user websites)




Imagers can detect SEPs but...

e

... the information is limited. (images from SOHO, EIT and LASCO)



IMPACT SEPs give advance warning

of an approaching ICME shock
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SEP Hazard Predictions Depend on both:
Polar Cap Size and SEP Fluxes

Space Station Orbit Is Exposed to High
Energy Solar Particles

North polar region of SEP entry

ey

Exclusion Reglons: 300, 450 For Geasmagnetic Poles
15.0 For South Atlantic Anomals

From R. Turner et al. Report on SEP Hazards, 1996

July 14, 2000 SEP event defected at SAMPEX (figure from R. Leske, Caltech)



IMPACT Team Modeling

0°

Coronal Model S, % Heliospheric Model
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«..will be critical for interpreting the solar activity connection.

(figure courtesy of Dusan Odstrcil from work supported by NSF Space Weather Program)



Models can simulate both solar signatures:

(Results from the SAIC coronal model, figure courtesy of Jon Linker.
Figure adapted from Linker and Mikik, SAIC, San Diego, CA)



...as well as in-situ (1 AU) signatures:

Radial-Meridional Distribution of

the Meridional IMF at 360 h
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(figures courtesy of Dusan Odstrcil from work

supported by NSF Space Weather Program)




Science with IMPACT

‘CME l::’jecta Interplanetary (Parker)
‘cloud” or ICME Spiral Field Lines

Counter streaming
electrons

Flare SEP’s

Interplanetary,

Either Spacecraft

Sun
Trailing S/C

Ip
Field






